Backgrounds: Erythrocyte creatine (EC) decreases reflecting erythrocyte age.
Introduction
Estimating the lifespan of erythrocytes is useful for the differential diagnosis of anemia as it is known that the erythrocyte lifespan of hemolytic patients is shortened [1] . Previously, obtaining the lifespan or mean age of erythrocytes was very difficult, therefore it was seldom measured. Furthermore, supply of 51 Cr, which is needed for measuring erythrocyte lifespan, was ceased in Japan in 2015, due to low demand. This left Japanese doctors unable to measure the erythrocyte lifespan of patients by means of 51 Cr. Biotin-label [2, 3] is also used to measure the erythrocyte lifespan, however its procedure is very troublesome as well, requiring aseptic labeling of erythrocyte and repeated blood samplings. Breath carbon monoxide (CO) measurement [4, 5] may be useful to estimate erythrocyte turnover; however, this technique cannot be applied to smokers. We proposed a method to estimate erythrocyte mean age from HbA1c and average glucose [6] .
However the method needs a glycation constant to be determined by another method. Some indices such as reticulocyte and haptogloblin does not seem to be sensitive to indicate mild hemolysis. Cases with latent hemolysis were reported who showed normal reticulocyte, normal haptogloblin and yet shortened erythrocyte life-span [7] [8] [9] .
Creatine in the cells is maintained by creatine transporters. Deficiency in this transporter leads to symptoms [10, 11] . Young erythrocytes have adequate transporter activity resulting in intracellular creatine being tens of times higher than in plasma. However, the activity of the transporter gradually diminishes, so that old erythrocytes cannot maintain this concentration gradient.
Erythrocyte creatine (EC) has been demonstrated to be an excellent indicator of hemolysis [12, 13] .
Mean erythrocyte age (M RBC ) estimation using EC would be more convenient than the 51 Cr method as it requires only one blood sample. However, though an increase in EC value has been correlated with shorter lifespan of erythrocytes, EC value itself has not previously been used for the estimation of M RBC
directly. An estimation of M RBC would be more useful for quantitative assessment of patients than simple EC value. Moreover, M RBC derived by EC may be comparable with M RBC derived by other methods.
Here, we would like to propose an equation to obtain M RBC from EC concentration based on a model.
Methods Patients
Data from 21 patients with hemolytic anemia that was published by Fehr et al. [13] was used. As this is a re-analysis study, approval by the institutional review board was not required.
Data conversion
We estimated M RBC by multiplying half life of 51 Cr by 2.61. As human erythrocytes do not obey the Poisson process [14] , the term "half-life" is not entirely suitable for erythrocytes. Fehr et al. [13] 
Data analysis
Data on EC and M RBC were analyzed with spreadsheet software, Excel R 365 (Microsoft Corporation, Redmond, WA, USA).
Logarithms of EC and M RBC was plotted considering our model (Supplement).
Results
Relatiohship between M RBC and log e EC [15] . Further study on the validity of our proposed formula would be best done in a country where 51 Cr is available. The two groups are unified on a semi-logarithmic scale. The Red circles represent mild group, sky blue the severe group according to Fehr et al. [13] . EC, erythrocyte creatine; M RBC , mean erythrocyte age.
Conclusion
Our equation allows calculation of M RBC based on EC which has practical applications such as the diagnosis of anemia.
